Background/Objective: The European Food Safety Authority (EFSA) recently published dietary guidelines for the intakes of carbohydrates, fiber, fats and water. We evaluated their role on the risk of a specific disease, known to be related to diet. Subjects/Methods: We used data from an Italian case-control study including 1953 colorectal cancer (CRC) cases and 4154 controls. We developed a so-called EFSA index summing up 1 point for adherence to each EFSA guideline. Odds ratios (ORs) and corresponding 95% confidence intervals (CIs) of CRC and its subsites were derived from unconditional multiple logistic regression models, for both the index and its components. Results: When each EFSA index component was analyzed separately, we found significant increased risks of CRC for non adherence to the guidelines on linoleic (OR ¼ 1.20, 95% CI, 1.07-1.36) and alpha-linolenic fatty acids (OR ¼ 1.19, 95% CI, 1.06-1.34). When all the guidelines were included in the same model, no significant association emerged. Compared with minimal adherence, the ORs of CRC for subsequent EFSA index scores were 1.03 (95% CI, 0.72-1.47), 1.05 (95% CI, 0.75-1.48), 1.04 (95% CI, 0.81-1.60), 0.99 (95% CI, 0.69-1.43), and 1.04 (95% CI, 0.67-1.61). No significant association emerged for colon and rectal cancer separately, and for males and females. Conclusions: Overall adherence to the EFSA dietary guidelines is not associated to colorectal, colon and rectal cancer risk in our population. Adherence to guidelines on linoleic and alpha-linolenic fatty acids may have a modest beneficial role on CRC risk.
Introduction
The European Food Safety Authority (EFSA) was asked by the European Commission to review and update the reference values for nutrient and energy intakes established in 1993 by the Scientific Committee on Food, based on the best available evidence and recent guidelines issued at national and international level. Thus, in March 2010 the EFSA published the Panel on Dietetic Products, Nutrition and Allergies, which established dietary reference values for the intake of carbohydrates, dietary fiber, fats and water. The EFSA guidelines were intended to promote overall good health, reducing the major diet-related correlates and diseases in the European population, including overweight and obesity, cardiovascular diseases, hypertension, dyslipidaemia, type-2 diabetes, osteoporosis, and cancer (EFSA Panel, 2010a , 2010b . The Panel proposed some qualitative dietary suggestions, and also quantitative guidelines. Among the latter, the Panel indicated the following reference values: intake of total carbohydrates (including carbohydrates from starchy foods such as potatoes and pasta, and simple carbohydrates such as sugars) ranging from 45 to 60% of total energy intake (EFSA Panel, 2010c) ; intake of total fats ranging from 20 to 35% of total energy intake (EFSA Panel, 2010d) ; adequate intake of 4% of total energy intake for linoleic and of 0.5% of total energy intake for alpha-linolenic fatty acids (EFSA Panel, 2010d) ; and daily intakes of 25 g of dietary fiber (EFSA Panel, 2010c) , 250 mg of eicosapentaenoic acid (EPA) plus docosahexaenoic acid (DHA) (EFSA Panel, 2010d) , and 2.0 litres of water for women and 2.5 for men (EFSA Panel, 2010e) .
In most developed countries, colorectal cancer (CRC) is the leading cause of cancer death in nonsmokers for males and females combined (Boyle and Levin, 2008) , and dietary habits have been suggested to have a major role in CRC risk (Potter, 1996; World Cancer Research Fund and American Institute for Cancer Research, 2007; Huxley et al., 2009) .
The major aim of the present paper is to investigate the effect of adherence to the EFSA dietary guidelines on CRC risk, in the hope that a general suggestion of public health may produce a beneficial effect on specific diseases related to diet. For this purpose, following six quantitative EFSA guidelines, we built up an overall a priori index to quantify in a single score individual adherence to the EFSA dietary guidelines. Moreover, to further explore this issue, each individual food component that constituted the index was separately analyzed.
Materials and methods
Our data derive from a case-control study on CRC conducted from 1992 to 1996 in these Italian areas: the province of Pordenone and Gorizia in North-eastern Italy; the urban areas of Milan and Genoa and the province of Forlì, in the North; and Latina and Naples in the South (Franceschi et al., 1997) .
Cases were 1953 patients with histologically confirmed incident CRC (1225 cancers of the colon and 728 of the rectum or rectosigmoid junction), aged 19-74 and admitted to major teaching and general hospitals in the areas under surveillance. Controls were 4154 patients aged 20-74 with no history of cancer, admitted to the same hospitals of cases for acute, non-neoplastic, non-gynecological conditions, unrelated to known risk factors for CRC or long-term diet modifications. No matching procedure was used in selecting controls. Among them, 27% were admitted for traumas, 24% for other orthopedic disorders, 18% for acute surgical conditions 24% for eye disorders, and 7% for other miscellaneous diseases. On average, about 4% of cases and controls invited to participate refused to be interviewed.
The same structured questionnaire was used in each center for cases and controls, and all the interviewers were centrally trained and supervised. The questionnaire included information on socio-demographic and anthropometric characteristics, lifetime smoking and alcohol drinking habits, physical activity, selected medical conditions, family history of cancer and lifetime use of aspirin.
A food-frequency questionnaire (FFQ) was developed to assess usual diet of cases and controls during the two years prior to the CRC diagnosis (for cases), or hospital admission (for controls). Study participants were asked to indicate their average weekly frequency of consumption of 78 specific foods, food groups and Italian recipes, as well as lifetime consumption of 5 alcoholic beverages. Several questions were also included to assess seasonal fat intake patterns. Foods consumed less than once a week, but at least once a month, were coded as 0.5 a week, whereas those eaten less than once a month were coded as 0. Satisfactory reproducibility and validity of the FFQ have been reported (Franceschi et al., 1993; Decarli et al., 1996) . Total energy intake and micro-and macro-nutrient intakes were computed from the FFQ, using an Italian food composition database, integrated with other sources when needed (Salvini et al., 1998; Gnagnarella et al., 2004) . Missing values on food items were resolved before the calculation of nutrient intakes, inputting them to the median value of consumption according to case/control status and sex. In this database, total carbohydrates were defined as the sum of starch and sugars.
Available dietary data allowed the investigation of the potential role of six of the seven EFSA dietary guidelines, concerning total carbohydrates, total fats, fiber, linoleic, alpha-linolenic fatty acids, and EPA plus DHA. We were not able to consider the guideline on water intake. The association between adherence to one or more of the EFSA guidelines and CRC risk was analyzed separately, as well as jointly, including all the guidelines in the same regression model. Moreover, we built up a 7-level index taking into account all the EFSA dietary guidelines simultaneously as components. For each guideline, a value of 1 was assigned to each subject if the subject was compliant and 0 otherwise. Categories of compliance were from 45 to 60% of total energy intake for total carbohydrates, from 20 to 35% of total energy intake for total fats, X25 g/day of dietary fiber, X4% of total energy intake for linoleic fatty acids, X0.5% of total energy intake for alpha-linolenic fatty acids, and X250 mg/day for EPA plus DHA. The overall EFSA index then summed up, for each subject, the points obtained for each of the six components, thus ranging from 0 (minimal adherence to the EFSA guidelines) to 6 (maximal adherence).
The association between the EFSA index, or its separate components, and CRC risk was assessed using w 2 -tests of independence and unconditional logistic regression models including categorical terms for age, sex, center, education, body mass index, level of occupational physical activity (at age 30-39) and family history of CRC (categories as in Table 1 ). The reference category for the EFSA index was represented by scores p1. Test for linear trend was based on the likelihood-ratio test between the models with and without a linear term for the score.
A dummy variable was used for missing values on some covariates (that is, education, physical activity, body mass index). All P values are two-sided; statistical significance level was set at 0.05. All the analyses were conducted using the R software (R development Core Team, 2008) .
Results
The distribution of 1225 cases of colon cancer, 728 of rectal cancer and 4154 controls according to selected characteristics is reported in Table 1 . Colon cancer cases were more educated than controls and reported lower levels of physical activity at workplace. Both colon and rectal cancer cases showed higher total energy intake, and reported a family history of CRC more frequently than controls. Table 2 shows the ORs and the corresponding 95% CIs of CRC for each of the six EFSA index components, both in separate models and in a composite model, including all of them simultaneously. In separate models nonadherence to the EFSA index components on linoleic and alpha-linolenic fatty acids lead to a significant increase in CRC risk, the ORs for noncompliant categories being 1.20 (95% CI, 1.07-1.36) and 1.19 (95% CI, 1.06-1.34), respectively. As compared with the compliant category of consumption, having an intake of total carbohydrates o45% of total energy intake lead to a significant 16% decrease in CRC risk (OR ¼ 0.84, 95% CI, 0.75-0.95). When all the EFSA index components were included in the same model, no significant association was observed. Results did not substantially change when considering in the composite model only those index components expressed as percentage of total energy intake ( Table 2) . Separate analyses by cancer subsite showed that the slight protection on CRC identified for the guidelines on linoleic and alpha-linolenic fatty acids, and the reduced risk associated with the lowest category of total carbohydrates consumption (that is, o45% of total energy intake) were mainly accounted for by subjects with colon cancer. For rectal cancer, no significant association was found (data not shown).
The ORs and the corresponding 95% CIs of colorectal, colon and rectal cancer for increasing levels of the EFSA index scores are given in Table 3 . For CRC, no significant association was found, the ORs for subsequent scores of the index being 1.03 (95% CI, 0.72-1.47), 1.05 (95% CI, 0.75-1.48), 1.04 (95% CI, 0.81-1.60), 0.99 (95% CI, 0.69-1.43), and 1.04 (95% CI, 0.67-1.61), compared with index scores p1. Results were similarly nonsignificant for colon and rectal cancer. In stratified analyses by sex, no risk estimates reached statistical significance either.
Discussion
In this study, overall adherence to the EFSA dietary guidelines is not associated to colorectal, colon and rectal cancer risk in a South European population. However, adherence to recommendations on linoleic and alpha-linolenic fatty acids may have a modest beneficial role on CRC risk.
We were unable to consider the recommendation on water intake on CRC risk. Most of the studies on water and cancer were ecological studies on the role of water as a carrier of carcinogens, as a consequence of chlorination or industrial contamination (Nieuwenhuijsen et al., 2009) . Only a few data are available on the relation between cancer and water intended as 'food'. Colon and rectal cancers have been inversely associated to water intake in two case-control studies (Shannon et al., 1996; Tang et al., 1999) . However, this association has still to be confirmed. The sum does not add to the total because of some missing values. b The low level of physical activity corresponds to a 'standing' or 'mainly sitting' activity, the medium one to a 'on average' activity, and the high one to a 'very tiring' or 'tiring' activity, as reported personally by cases and controls. Case-control studies are susceptible to selection bias (Breslow and Day, 1980) . However, in our study, we selected cases and controls from comparable catchment areas, and we excluded patients with long-term dietary modifications or conditions related to known CRC risk factors. Moreover, the participation rate among eligible cases and controls was virtually complete. Our results reflect dietary habits during the two years before cancer diagnosis (for cases) or hospital admission (for controls). The collection of nutritional data after diagnosis may cause recall bias. However, although an influence of a recent diagnosis of cancer on the recall of dietary habits is possible, differences in recall of food intake among cases and controls should be small in our dataset: since the study was conducted in the 1990s and the population was relatively old, participants had limited knowledge on the possible relationship between diet and CRC risk. Moreover, cases and controls were interviewed by uniformly trained interviewers in similar hospital settings.
Although useful for ranking individual intakes, caution is needed when adopting FFQs for strictly dietary assessment purposes, because the validity of these instruments for characterizing absolute nutrient intakes has not been assessed (Briefel et al., 1992; Schaefer et al., 2000) . Thus, risk estimates for those index components that are expressed in terms of absolute values may be biased. However, our FFQ is satisfactorily reproducible and valid (Franceschi et al., 1993; Decarli et al., 1996) , and risk estimates for total carbohydrates, total fats, linoleic and alpha-linolenic acids did not materially change when excluding from the composite model the EFSA index components expressed in terms of absolute values (that is, fiber and EPA plus DHA). Similarly, when we constructed the EFSA index considering only those guidelines expressed as percentages of total energy intake (index ranging from 0 to 4), risk estimates of CRC did not substantially change, the ORs being 1.05 (95% CI, 0.69-1.62), 1.23 (95% CI, 0.81-1.87), 0.99 (95% CI, 0.64-1.52), Dietary patterns are combinations of dietary components intended to summarize total diet or key aspects of the diet of a given population. They represent a complementary approach to the traditional one based on single nutrients, which allows to overcome known multicollinearity problems in the definition of dietary exposures (Hu, 2002) . A priori dietary patterns are defined as hypothesis-oriented indexes, based on scientific knowledge on the role of selected aspects of diet in the prevention of major diseases. This approach is intuitively appealing, easily reproducible and comparable, usually provides meaningful and interpretable results, potentially associated with health outcomes and allows investigators to characterize total diet (Moeller et al., 2007) . In our population, index scores do not vary considerably and the same scores are reached by different individual components; therefore, they may not reflect similar diets. Another limitation of the a priori approach is that the indexes are not appropriate when different index components give a different contribution to the overall disease risk. Thus, we also reported and discussed results from the individual components as well, and none of these revealed a particularly strong association with CRC risk. A source of subjectivity is introduced when interpreting the guidelines and constructing the scores (for example, in the choice of the foods to be selected for inclusion). However, unlike other a priori indices based on qualitative dietary guidelines, our index is built up starting from guidelines expressed as dietary reference values, thus it is less susceptible to subjective interpretation.
In conclusion, our work suggests that adherence to the EFSA dietary guidelines does not appreciably modify CRC risk, except for a possible favorable role of those guidelines on linoleic and alpha-linolenic fatty acids. We also found that a relatively low consumption of carbohydrates (that is, o45% of total energy intake) is associated to a reduced CRC risk. A diet rich in carbohydrates and high in glycemic index and glycemic load has been related to the risk of selected cancers in Italy, including CRC (Chatenoud et al., 1999;  
